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8a Saturday, February 2, 2013Tissue can be soft like brain, stiff like muscle, or rigid like bone. Proteomic
profiling of human and mouse tissues and cells reveals that the nucleoskeletal
protein lamin-A scales with various collagens and with tissue microelasticity,
E. Among the many cell structure and nuclear components quantified here,
lamin-A acts most clearly as a ‘‘mechanostat’’ in scaling with E, typical in poly-
mer physics, whereas B-type lamins are nearly constant. Lamin-A dominates
in stiff tissues and has been implicated in aging and diseases that impact
muscle, bone, and fat but rarely brain or marrow, and nuclei in stiff tissue cells
also prove much stiffer than nuclei from softer tissues. Mesenchymal stem cell
differentiation in vitro further shows that lamin-A amplifies lineage signals from
matrix, with low lamin-A favoring a soft tissue fate and high levels favoring stiff
tissue. Regulation of lamin-A occurs at multiple levels, with conformational
changes in isolated nuclei revealing its direct response to stress. Cells are also
motile, and migration through dense matrix or tissue has also been seen to
involve large nuclear contortions, which Lamin-A modulates in diverse 3D
models in vitro and in vivo. Polymer physics again offers insight into response
times. Systematic relations thus exist between tissue stress, stiffness and physics
of the nucleus.
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Nuclear Mechanics and Genome Regulation
G.V. Shivashankar.
Mechanobiology Institute & Department of Biological Sciences, National
University of Singapore, Singapore.
Mechanical signals from the extracellular matrix impinge on cellular geometry
resulting in altered functional nuclear landscape and gene expression. These
alterations regulate diverse biological processes including stem-cell differenti-
ation, developmental genetic programs and cellular homeostatic control
systems. How such matrix signals are integrated to the 3D spatio-temporal
organization of the cell nucleus to elicit differential gene expression patterns
are poorly understood. Using a multidisciplinary approach, combining high
resolution live-cell imaging, micro-patterned substrates and single-cell
mechanics experiments, our laboratory investigates the biophysical principles
underlying the coupling between nuclear mechanics and genome regulation
during stem-cell differentiation and in differentiated cells. In these projects,
we engage in a number of collaborations with both theoretical and experi-
mental groups. I will describe our ongoing work that provides mechanistic
links between nuclear mechanics, chromosome organization and genome
regulation.
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T Cell Receptor-Associated Actin Patches Generated by Wiskott-Aldrich
Syndrom Protein
Michael Loran Dustin.
New York University School of Medicine, New York, NY, USA.
T cell activation involves massive cytoskeletal remodeling, including dynamic
actin polymerization and centripetal flow proximal to T cell-antigen presenting
surface synapse (IS). F-actin is required for the formation of signaling T cell
receptor microclusters (MCs) and for on-going signaling. Wiskott-Aldrich
Syndrome Protein (WASP) is an actin nucleation-promoting factor that is
critical for appropriate T cell function. Patients with mutations in WASP ex-
perience a severe immunodeficiency and autoimmunity. The role of WASP in
actin polymerization at the immunological synapse has been surprisingly
cryptic as WASP deficient T cells still display dramatic increases in F-actin
at the immunological synapse. Here, with the aid of live cell as well as
super-resolution imaging in primary T cells, we identify WASP dependent
F-actin patches closely associated with TCR microclusters. The patches also
contain phosphorylated HS-1, a cortactin homolog, and phosphorylated
Cas-L a mechanotransduction protein, which are recruited down-stream of
WASP. Closely related proteins N-WASP and WAVE2 do not participate in
TCR-associated F-actin patches. Super-resolution imaging reveals that the
patches are composed of multiple actin arrays that are oriented to diverge
from TCR microclusters. We conclude that F-actin patches represent a unique
mode of actin polymerization in the immunological synapse that integrate the
well documented functional defects in WASP deficient T cells to F-actin
nucleation activity.
.
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Plasticity at Synapses:From Super-Resolution to Physical-Chemistry of
Receptor Scaffold Interactions
Antoine Triller MD, DSc.
Biology, Inserm-Ecole Normale Superieure, Paris, France.
The variability of the postsynaptic response following a single action potential
arises from two sources: the neurotransmitter release is probabilistic, and the
postsynaptic response to neurotransmitter release has variable timing andamplitude. At individual synapses, the number of molecules of a given type
that are involved in these processes is small enough that the stochastic (random)
properties of molecular events cannot be neglected. How the stochasticity of
molecular processes contributes to the variability of synaptic transmission,
its sensitivity and its robustness to molecular fluctuations has important impli-
cations for our understanding of the mechanistic basis of synaptic transmission
and of synaptic plasticity. Using single particle tracking and super-resolution
imaging, we will address the issue of inhibitory postsynaptic receptors dy-
namic, their interactions with scaffolding protein and regulations implicated
in synaptic plasticity.
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Shaping the Embryo: Cellular Dynamics in Development
Jennifer Zallen.
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A major challenge in developmental biology is to understand how large-scale
changes in tissue structure are generated on a cellular and molecular level.
Two decades of research in molecular genetics have provided insight into
the mechanisms that control cell fate and patterning, but the mechanisms
that regulate the mechanical forces that shape cells and tissues are not well
understood. A conserved feature of tissue architecture in vertebrates and inver-
tebrates is a body axis that is elongated from head to tail. In the embryo of the
fruit fly Drosophila, this elongation is achieved through the coordinated move-
ments of hundreds of cells along a common axis. Several molecules that are
asymmetrically localized in the plane of the tissue are crucial for planar
polarized force generation and junctional remodeling during axis elongation,
including components of the contractile machinery and cell-cell junctions.
Using quantitative imaging, we found that these asymmetries at the cellular
level result in a collective behavior in which groups of cells assemble into
multicellular rosette structures that form and resolve directionally (Blanken-
ship et al., 2006). Rosettes form through a mechanical feedback loop in which
an initial asymmetry in myosin II localization is selectively stabilized in
regions of increased tension to produce higher-order contractile networks
(Fernandez-Gonzalez et al., 2009). This positive feedback loop that is pre-
dicted to increase the number of cells engaged in contractile behavior, promot-
ing efficient elongation. Rosette formation has since been shown to occur
during epithelial elongation in vertebrates and may represent a general mech-
anism linking cellular asymmetry to tissue elongation. We are currently using
biophysical approaches and large-scale genetic screens to identify the machin-
ery that directs polarized cell behavior and components of the mechanotrans-
duction pathway that is required for tension-dependent myosin dynamics
during tissue elongation.
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Bacteria are Stressed Out Too: The Physics of Mechanosensation
Rob Phillips.
California Inst of Tech, Pasadena, CA, USA.
Many of the ways that cells talk and listen to the external world center on the
presence of proteins on the cell surface. Indeed, the cell membrane is an amaz-
ingly diverse lipid environment, riddled in turn with a host of different proteins
that perform tasks ranging from sensing and measuring chemical signals to the
transport of sugars needed for cell division to the detection of potentially lethal
osmotic pressures. This talk will focus on recent progress in the dissection of
the mechanisms of mechanosensation in bacteria with special reference to
the rich interplay between certain classes of ion channels and the surrounding
lipids. Using simple arguments from elasticity theory, I will describe the mem-
brane deformation footprint surrounding ion channels and how this deforma-
tion footprint contributes to the free energy of channel gating. In turn, I will
show how these ideas can be parlayed into an experimental strategy for better
understanding mechanosensation by watching individual cells as they are sub-
jected to controlled levels of osmotic shock.
Subgroup: Biological Fluorescence
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Single molecule localization-based superresolution microscopy methods, such
as PALM or STORM, have been breakthrough techniques of the last years. Un-
til now however, they require special fluorescent proteins to be cloned or high-
affinity antibodies to be generated for specific labeling. On the other hand,
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nomes are available as functional GFP-fusion proteins.
Here, we report a method that makes all these constructs available for superre-
solution microscopy by targeting GFP with tiny, high-affinity antibodies cou-
pled to blinking dyes. It thus combines the molecular specificity of genetic
tagging with the high photon yield of organic dyes and minimal linkage error,
as demonstrated on microtubules, living neurons and yeast cells. We show that
in combination with GFP-libraries, virtually any known protein can immedi-
ately be used in superresolution microscopy and that high-throughput superre-
solution imaging using simplified labeling schemes is possible.
The labeling density in superresolution microscopy based on photoactivatable
fluorophores is limited by the fact that a small, but significant fraction is always
in the bright state. To overcome this limitation we implemented binding-acti-
vated localization microscopy (BALM), which is based on the localization of
individual binding events of fluorophores that show a fluorescence enhance-
ment upon binding to their target structures. Using nucleic acid stains on dou-
ble-stranded DNA we yielded a resolution of ~14 nm (fwhm) and a spatial
sampling of 1/nm in vitro and could visualize the organization of the bacterial
chromosome in fixed Escherichia coli cells. In general, the principle of binding-
activated localization microscopy can be extended to other dyes and targets
such as protein structures.
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Simultaneous Imaging of Vesicle Trafficking and Calcium-Mediated Exo-
cytosis in Pancreatic Beta-Cells
David W. Piston1, Amicia D. Elliott2, Alessandro Ustione2.
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It has long been known that only a small fraction (<10%) of the insulin in
pancreatic beta-cells can be released. Clinical treatments of type 2 diabetes
focus on increasing insulin release, so an understanding of insulin vesicle
trafficking and release may lead to novel therapeutic strategies. Towards this
understanding, we have utilized a novel quantitative imaging assay, based on
a double fusion to the integral vesicle protein phogrin. In this construct, a
pH-dependent ecliptic pHluorinFP is inside the lumen of the granule and
a mOrangeFP is outside the granule in the cytoplasm. The pHluorin fluores-
cence is quenched by the low pH inside the granule until exocytosis when
the lumen of the granule mixes with the extracellular media. This increases
the local pH and the green fluorescence can then be measured as a readout of
exocytosis. Experiments were done on the multicolor TIRF system with a pho-
toactivation module. We photoconverted the mOrange-phogrin to a deep red
protein in the perinuclear region, and then watched where that population of
granules went as we stimulated the cells with glucose. Having only a small sub-
set of vesicles labeled greatly facilitates tracking. We used this approach with
TIRF microscopy to measure secreted granules and determine if they came
from previously docked granules or from regions beyond the TIRF imaging
field. In beta-cells, we find that secreted vesicles do not come from a docked
pool, with secretion happening within about 1 second of the vesicle’s arrival
at the membrane. This time is decreased even further with the addition of glu-
cose. These data suggest that the releasable insulin pool in beta-cells may not be
docked at the membrane as are synaptic vesicles, but rather are maintained
deeper with in the cell.
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Invasive Optics for Watching the Brain Work
Michael Levene.
Yale University, New Haven, CT, USA.
Optical methods are revolutionizing neuroscience, from high-resolution multi-
photon microscopy, to functional imaging with Ca2þ- and voltage-sensitive
dyes, to direct optical stimulation and inhibition of neurons with light. Yet
this incredibly powerful toolbox has been limited in its application by an inabil-
ity of microscopy to image deep in the living brain. We have made great strides
in this direction through novel invasive micro-optics capable of penetrating the
brain to gain access to deep brain regions. We will show recent results, includ-
ing simultaneous Ca2þ-sensitive imaging of hundreds of neurons throughout all
6 layers of cortex in awake mice.
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Assembly and Dynamics of Nucleic Acid - Protein Complexes at the Single-
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David Millar.
Scripps Research Inst, La Jolla, CA, USA.
Single-molecule fluorescence spectroscopy is emerging as a powerful tool for
detailed biophysical analyses of nucleic acid - protein interactions, because of
the ability to resolve different binding modes and to provide kinetic informa-tion on protein conformational changes during assembly or biological function.
To illustrate these capabilities, I will describe two systems currently under
study in my laboratory. (1) The HIV-1 protein Rev mediates the nuclear export
of unspliced and partially spliced mRNAs encoding viral structural proteins.
Rev interacts with a highly conserved element within the viral pre-mRNA
known as the Rev response element (RRE). Multiple Rev monomers must as-
semble on the RRE, mediated by a combination of RNA-protein and protein-
protein interactions. Multi-color single-molecule TIRF microscopy is used to
monitor hundreds of individual Rev-RRE assembly reactions in parallel, re-
vealing the mechanism of oligomeric assembly and the influence of cellular co-
factors on the assembly pathway. (2) DNA polymerases replicate DNA
substrates with extraordinarily high fidelity because of their ability to discrim-
inate between cognate and non-cognate nucleotide substrates during each cycle
of nucleotide incorporation and to remove misincorporated bases using a sepa-
rate proofreading activity. Single-molecule FRET methods are used to observe
conformational changes of the fingers subdomain of a model DNA polymerase
during the process of selection of incoming nucleotide substrates, revealing
a novel ‘‘ajar’’ conformation that acts as a fidelity checkpoint before the fingers
enclose the nascent base pair. These methods are also used to monitor the
movement of the nascent DNA strand during proofreading, revealing that the
DNA can switch between the spatially separated polymerase and exonuclease
sites while remaining bound to the enzyme. These observations provide new
insights into the important role of enzyme conformational dynamics during
the processes of nucleotide substrate selection and proofreading.
Subgroup: Membrane Structure & Assembly
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Discovering Highly Potent Pore-Forming Peptides using Synthetic Molec-
ular Evolution
Aram J. Krauson, Jing He, William Wimley.
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There are many natural and designed peptides that permeabilize membranes,
and there are multiple mechanisms by which membrane permeabilization can
occur. Yet, peptides that unequivocally self-assemble into equilibrium, mem-
brane-spanning pores at low peptide to lipid ratios (P:L1:1000) are very rare.
The design and engineering of such peptide ‘‘nanopores’’ in lipid bilayer mem-
branes is desirable as it could lead to improved biosensor platforms, targeted
therapeutics, exogenous ion channels, or drug delivery vehicles. While the
few well studied pore-forming peptides have provided a lot of information
about the architecture of peptide pores, especially -helical pores, our knowl-
edge of the fundamental molecular principles of pore formation is not detailed
enough for rational engineering. This is a roadblock to the design of new pore-
forming peptides and to the optimization of known pore-formers for particular
applications. In this work we show how novel, highly potent, equilibrium pore-
forming peptides can be discovered using synthetic molecular evolution, i.e.
iterative cycles of combinatorial library design and high-throughput screening.
In the first example, we used two generations of de novo library design and
screening to identify highly potent pore-formers that self-assemble into -sheets
in membranes. These peptides may be the only known examples of highly
potent, pore-forming peptides that have -sheet secondary structure in mem-
branes. In the second example we designed an iterative library that used the
helical pore-former melittin as a template. From this library we identified
gain-of-function pore-formers that are much more potent than melittin. The re-
sults demonstrate the power of synthetic molecular evolution for the discovery
and engineering of membrane active peptides.
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Antimicrobial peptides (AMPs)— small peptides that kill bacteria and fungi by
attacking their outer membranes — have been touted as a possible solution to
the emergence of new strains of antibiotic-resistant pathogens. Although some
AMPs have become promising drug candidates, overall they have not been
especially successful clinically, primarily because of their size and bioavail-
ability. To avoid these difficulties, we have focused our efforts on smaller pep-
tides chemically modified to include acyl chains at their N-termini; the fatty
acid chains give the peptides the ability to bind membranes efficiently without
including a large number of hydrophobic side chains. Using a combination of
